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PROCESS FOR THE PREPARATON OF
NOVEL PORPHYRIN DERIVATIVES AND
THEIR USE AS PDT AGENTS AND
FLUORESCENCE PROBES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the national phase under 35 U.S.C. §371
of PCT International Application No. PCT/IB2011/0000835,
filed Jan. 21, 2011, which claims the benefit of Indian Patent
Application No. 124/DEL/2010, filed Jan. 22, 2010, the entire
contents of the alorementioned applications are hereby incor-
porated herein by reference.

FIELD OF INVENTION

The present invention relates to porphyrin dervatives use-
tul as PDT agents and near infrared (NIR) fluorescence
probes 1in photodynamic therapeutic, diagnostic, and biologi-
cal, biochemical and industrial applications. More particu-
larly, the present invention also relates to a process for the
preparation of porphyrin dertvatives of the general formula 1
and their use as NIR fluorescence probes 1n photodynamic
applications for the detection of cancer and other diseases 1n
human beings or animals.

BACKGROUND OF THE INVENTION

Photodynamic therapy (PDT) 1s a fast developing modality
for the diagnosis and treatment of both oncological and non-
oneological diseases and it involves the use of photochemical
reactions mediated though the interaction of photosensitizing,
agents, light, and oxygen for the treatment of malignant or
benign diseases. PDT 1s a 2-step procedure. In the first step,
the photosensitizer 1s administered to the patient by one of
several routes (eg. topical, oral, intravenous), and 1t 1s allowed
to be taken up by the target cells. The second step involves the
activation of the photosensitizer 1n the presence of oxygen
with a specific wavelength of light directed toward the target
tissue. Because the photosensitizer 1s preferentially absorbed
by hyperproliferative tissue and the light source 1s directly
targeted on the lesional tissue, PDT achieves both selectivity,
mimmizing damage to adjacent healthy structures. Refer-
ences may be made to Lane, N. Scientific American 2003, 38,
45; Bonnett, R. Chem, Soc. Rev. 1995, 24, 19; Dougherty, T.
1. Photochem. Photobiol. 1987, 45, 879; Kessel, D. Dough-
erty, 1. J. Phorphyrin Photosensitization; Plenum Publishing
Corp. New York, 1983; Bissonette, R.; Bergeron, A.; Liu, Y. d.
J Drugs. Dermatol 2004, 3, 26-31; lJetles, E. W;
McCullough, J. L.; Wemstein, G. D.; Fergin, P. E.; Nelson, J.
S.; Shull, T. F. Arch. Dermatol, 1997, 133, 7277-732. The
process requires the presence of a photosensitizing agent,
which 1s capable of being taken up by target tissues and
which, on 1rradiation by light of a particular wavelength,
generates highly reactive species which are toxic to those
tissues. Photodynamic therapy has advantages over many
other conventional therapies due to the selectivity of the pho-
todynamic process. There 1s more sensitizer in the tumor
tissues than i1n the normal tissues; this reduces the potential
for destruction of normal tissues. In addition the ability to
direct light specifically onto the target cells and tissues by the
use of fiber-optic technology further increased the selectivity
of this process. Furthermore, the use of photosensitizing
agents, which produce no response until irradiated with light,
significantly reduces the potential for side effects. References

may be made to Jetfes, E. W.; McCullough, J. L. Weinstein,
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G. D.; Kaplan, R.; Glazer, S. D.; Taylor, J. R. J. Am. Acad.
Dermatol, 2001, 45, 96-104; Kurwa, H. A.; Yong-Gee, S. A.;
Seed, P.'T.; Markey, A. C.; Barlow, R. 1. J. Am. Acad. Derma-
tol, 1999, 41, 414-8; Pariser, D. M.; Lowe, N. J.; Stewart, D.
M,; Jarratt, M. T.; Lucky, A. W.; Pariser, R. I. J. Am. Acad.
Dermatol, 2003, 48, 227-32.

In PDT, the detection of tumor tissue (diagnosis) 1s equally
important when compared to the destruction via either apop-
tosis or necrosis of tumor cells (treatment). Near-infrared
(NIR) dyes are presently attracting considerable interest as
fluorescence probes for the detection of cancer. References
may be made to Lin, Y.; Weissleder, R.; and Tung, C. H.
Bioconjugate Chem, 2002 13, 605-610; Achiletu, S.; Jime-
nez, H. N.; Dorshow, R. B.; Bugaj, JI. E.; Webb, E. G.; Wil-
helm, R. R.; Rajagopalan, R.; Johler, J.; Erion, J. L. J. Med.
Chem. 2002 45, 2003-2015; Mujumdar, S. R.; Mujumdar, R.
B.; Grant, C. M.; Waggoner, A. S. Bioconjugate Chem. 1996,
7,356-362. Since tissue 1s relatively transparent to NIR light,
near infrared fluorescence imaging (NIRF) and PDT are
capable of detecting and treating, respectively, even subsur-
face tumors. In this context the present invention aims at the
development of efficient NIR absorbing fluorescent probes
based on porphyrins for biological applications. We have
synthesized porphyrin based molecules which exhibit
absorption and emission 1n the NIR region and have substitu-
ents like hydroxyl and glycolic groups, which would render
them amphiphilicity thereby increasing their solubility, tluo-
rescence intensity and accelerating their cellular uptake.

In a diagnostic technique, a dye 1s administered and
allowed to distribute 1n the body as in the case of the treatment
technique. However, 1in addition to the tumor selectivity, the
sensitizer 1n the diagnostic technique should exhibit signifi-
cant fluorescence yields under physiological conditions.
Hence the development of photosensitizers, which have
strong absorption in the long wavelength region, non-toxic to
normal tissues, soluble in bulfer at physiological pH, and
exhibit higher therapeutic efficacy are still desired. Also the
design of functional molecules that can target specific cancer
cells are extremely important because of the biochemical and
biomedical applications.

Porphyrin molecules are one of the photosensitizers cur-
rently being investigated. Porphyrins are macrocyclic
molecular compounds with a ring-shaped tetrapyrrolic core.
References may be made to Mahler, H. R.; Cordes, E. H.
Biological Chemistry, 2ded. 1966, 418; Jon1, G.; Redd, E. Int
J Biochem, 1993, 25, 1369-75. Wieche, A.; Shaker, Y. M.;
Brandt, J. C.; Mebs, S.; Senge, M. O. Tetrahedron, 2003, 61,
5535-5564; and Pushpan, S. K.; Venkatraman, S.; Anand, V.
(.; Sankar, J.; Parameswaran, D.; Ganesan, S.; Chan-
drashekar, T. K. Curr. Med. Chem.—Anticancer Agents,
2002, 2, 187-2077. As such, porphyrins are commonly found
in their dianionic form coordinated to a metal 10n. The unique
properties of the tetrapyrrolic core have made porphyrin cen-
tral 1n many biological systems that play a vital role 1n many
life processes. Several compounds which are critically impor-
tant for essential biological processes, such as chlorophyll
and heme, are derived from the coordination of a metal 10n
with a porphyrin nucleus. Porphyrins are able to form metal
chelates with a large variety of metal 10ns, including: coballt,
copper, iron, magnesium, nickel, silver, and zinc. Heme 1s an
iron chelate of a porphyrin, while chlorophyll and bacterio-
chlorophyll are magnesium chelates. Porphyrin such as these
1s generally synthesized from the precursors glycine and
suceinyl CoA. References may be made to L. Stryer, Bio-
chemistry, 2" ed. 504-507 (1981). It has further been well
established that the hydro- or Lipo-philicity of a photosensi-
tizes strongly atlects the binding of the photosensitizer to a
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target cell, and as a consequence, 1ts cytotoxic activity. Ref-
erences may be made to Merehat et al., J. Photochem. Pho-

tobiol. B: Biol., 35:149-157 (1996).
Currently known porphyrin based photosensitizers

includes hematoporphyrin derivative (HpD) and photoirin
called the first generation photosensitizers. HpD 1s facing the

major drawbacks includes (a) it 1s a mixture of at least nine
components, (b) preparation 1s highly sensitive to reaction
conditions and (¢) causes cutaneous photosensitivity. Another
example of porphyrin based photosensitizer 1s 5, 10, 15,
20-tetrakis (meta-hydroxyphenyl)-chlorin which 1s commer-
cially known as foscan. The current methods of their synthe-
s1s, and known techniques for their use are inadequate for
many intended applications. References may be made to
Konan, Y. N.; Cerny, R.; Favet, I.; Berton, M.; Gurny, R.; A
lleman, E. Fur. J. Pharm. Biopharm. 2003, 55, 115-124; and
Nawalany, K.; Rusin, A.; Kepczynki, M.; Mikhailov, A.;
Kramer-Marek, G.; Snietura, M.; Poltowicz, J.; Krawcyzk,
Z..; Nowakowska, M. J. Photochem. Photobiol. B: Biology,
2009, 97, 8-17. This 1s true 1n part due to the need for high
concentrations of reagent and the requirement of extended
irradiation periods. These factors render the methods burden-
some and inconvenient. In addition, such conditions are not
suitable for many medical and/or industrial applications. It 1s
thus seen that there 1s aneed for novel photosensitizing agents
tor medical or other applications. It would be an improvement
in the art to provide an agent that utilizes a pathway for
iactivating or killing an to organism which 1s non-mu-
tagenic. Finally, 1t would be an additional improvement 1n the
art to provide such a photosensitizer that 1s capable of tunc-
tiomng effectively at lower concentrations and over shorter
periods than those currently known and taught 1n the art.
Our interest 1n this area originated from the 1dea of utilizing
the derivatives of currently existing porphyrin derivatives for
photodynamic applications. In recent years a great variety of
non-porphyrinic sensitizers are being developed for use in
PDT. Methylene blue, a red-light absorbing phenothiaxinium
dye, has previously been used extensively as a biological
assay stain and can be used in the clinical diagnosis of a
variety of diseases and as a tumor marker in surgery. How-
ever, 1ts use as an in vivo photosensitizer 1s limited by 1ts
reduction by ubiquitous cellular enzymes to the colorless
form, which 1s photodynamically mnactive. Rhodamine 1s an
important laser dye and 1s being used 1n red light emitting
laser dyes for a long time now. Because of their specific
uptake by mitochondria and their known use as a biochemical
fluorescent probe, rhodamine classes of molecules are being
used as sensitizers 1n the treatment of malignant tumors. But
on the other hand the readily available commercial dye,
rhodamine 123 1s a poor phototoxin because of 1ts high fluo-
rescence quantum yield, which leads to a low triplet quantum

yield. References may be made to Yamamoto, H.; Okunaka,

T.; Furukawa, K.; Hiyoshi, T,; Konaka, C.; Kato, H Curr. Sci,
1999 7’7, 894; Sharman, W. M.; Allen, C. M.; van Lier, J. E.:
Drug Discovery Today, 1999, 4, 507; Mllgrom L. MaCROb-
ert, S; Chem. Britain, 1998, 45; Bonnett, R. Ckem. Soc. Rev,
1995, 24, 19. Dolphin, D. Can. J. Chem, 1994, 72, 1005.
Another class of molecules developed from our group for
use 1 PDT 1s squaraines. Squaraines are a class of dyes
possessing sharp and intense absorption 1n the near infrared
region and exhibit significant triplet quantum yields. Among,
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4

the various squaraine dyes developed, bis(3,5-diiodo-2,4,6-
trihydroxyphenyl) squaraine 1s found to be a potential photo-
sensitizer certainly possesses clinical applications though 1n
vitro and 1n-vivo experiments. The dye 1s found to be a prom-

1sing compound 1n PDT as an effective NM photosensitizer.
References may be made to U.S. Pat. No. 6,770,787 B2;

Ramaiah, D.; Joy, A.; Chandrasekar, N.; Eldho, N. V,; Das, S.;
George, M. V; Photochem. Photobio, 1997, 65, 783-790;
Ramaiah, D.; Eckert, 1.; Arun, K. T.; Weidenteller, L.; Epe, B.
Photochem. Photobiol 2002, 76, 672-677.

Although there are several non-porphyrinic photosensitiz-
ers are available, the fact that a naturally occurring dye such
as porphyrin 1s the drug of choice 1n PDT has prompted the
search for better photosensitizers based on porphyrin macro-
cycle. These tetrapyrrole rings form a class of dyes possessing
sharp and intense absorption bands in the visible to near infra
red region. The photophysical and photochemical properties
of these have been studied extensively, because their absorp-
tion and photochemical characteristics make them highly

suitable for a number of biological and industrial applica-
tions. References may be made to U.S. Pat. No. 4,649,151; R.

Bonnet, R. D. White, U. J. Winfield, M. C, Berenbaum. Bio-
chem. J., 1989, 261, 277-280; D. Kessel. Photochem. Photo-
biol., 1984, 39, 851-859.

The novel porphyrin derivatives of the general formula 1

claimed 1n the current patent application are derivatives of
tetraphenyl porphyrin. Preliminary investigations by us indi-
cated that substitution of more number of hydroxy groups to
the porphyrin meso-phenyl ring results in their increased
solubility 1n the aqueous medium and enhanced intersystem
crossing elliciency, when compared to the currently existing
one. When compared to other porphyrins, which are not water
soluble, the dernivatives claimed in the present mvention
exhibit high water solubility.
More over, msertion of heavy metals like Zinc onto the
porphyrin macrocycle also caused increased intersystem
crossing elficiency and hence high singlet oxygen generation
eificiency. These dyes exhibited absorption 1n the range from
400-700 nm and fluorescence emission 1n the range 600-800
nm. These dyes are having almost good fluorescence quan-
tum yields 1n the range 0.15-0.23. Also the quantum yields of
triplet excited states ([_1,) of these porphyrin dervatives are
found to be 1n the range 0.60-0.75 and the quantum yields of
singlet oxygen generation ([(J(*O.)) in the range 0.40-0.75,
depending on the nature of the substituent present on the mesa
phenyl ring and the inserted metal. The cytotoxicity, mutage-
nicity, kinetics of uptake and release and the cellular local-
1zation studies of these porphyrin derivatives using mamma-
lian cell lines and bacterial strains indicated that these dyes
exhibit significant cytotoxicity upon excitation with visible
light and the mechanism of their biological activity could be
attributed to the 1n vitro generation of singlet oxygen.

Cellular localization studies of the synthesized porphyrin
derivatives showed that they are preferentially accumulating
on the nucleus with red fluorescence during visible light
excitations. Hence these dertvatives can be used as NIR fluo-
rescent probes for nuclear staimng. Most of the reported
porphyrins such as chlorin €6 and to hematoporphyrin deriva-
tives localize mainly at the plasma membrane, whereas, our
photosensitizers that localize at the nucleus would be much
more elfective in producing photodynamic damage.
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Cellular uptake studies on the porphyrin derivatives of the

present invention showed that they are far more efficient. The
novel porphyrin derivatives of the present mvention show
maximum cellular uptake within 10 min, which has been
evidenced through the fluorescence microscopic 1mages
given as FIG. 10 while the cellular uptake of PhtoirinR 1s
maximum only within 4 h.

Also the present mvestigation showed that the porphyrin

derivatives have binding affinity towards proteins such as
serum albumin and hence can be used as NIR fluorescent
probes for protein labeling.

In the present invention we have synthesized novel porphy-
rin derivatives and demonstrated their, potential as NIR PDT
agents and fluorescent probes for biological and biochemical
applications.

OBJECTIVES OF THE INVENTION

The main objective of the present mvention 1s to provide
porphyrin dertvatives usetul as PDT agents and near inirared
(NIR) fluorescence probes i1n photodynamic therapeutic,
diagnostic, and biological, biochemical and industrial appli-
cations.

Another objective of the present invention is to provide
porphyrin dervatives and or pharmaceutical acceptable
derivatives thereof, for use as NIR fluorescence probes 1n
photodynamic diagnostic applications for the detection of
tumors.

Another objective of the present invention is to provide
porphyrin derivatives and or pharmaceutical acceptable
derivatives thereof, for use as near-infrared fluorescence sen-
sors for biological, biochemical and industrial applications.

Yet another objective of the present investigation 1s to
provide porphyrin dervatives that can be used as NIR fluo-
rescent probes for protein labeling.

Yet another objective of the present investigation 1s to
provide porphyrin dervatives that can be used as NIR fluo-
rescent probes for nuclear staining.

Yet another objective of the present investigation 1s to
provide porphyrin derivatives of the general formulae 1 that
can be used as NIR fluorescent labels 1n immunoassays.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

In the drawings accompanying the specifications

FIG. 1 Absorption spectra of porphyrin dertvatives of the
general formula 1 wherein, R, R;, R.=OH;R,, R, =H; M=2H
in water.

FI1G. 2 Fluorescence emission spectra of porphyrin dyes of
the general formula 1 wherein, R, R;, R.=0H; R,, R,=H;
M=2H 1n water.

FIG. 3 Absorption spectra of porphyrin derivatives of the
general formula 1 wherein, R, R, R.=OH; R,,R,=H; M=7Zn
1n water.

FIG. 4 Fluorescence emission spectra of porphyrin deriva-
tives of the general formula 1 wherein, R, R;, R.=0OH; R.,,
R,=H; M Zn in water.

FIG. 5 Triplet absorption spectra of porphyrin derivatives
of the general formula 1 wherein, R, Ry, R.=OH; R,, R ,=H;
M=2H 1n methanol. Laser Excitation wavelength, 532 nm.
Inset shows the transient decay profile at 440 nm of the
porphyrin derivative of general formula 1, wherein, R, R,
R.=OH; R,, R,=H; M=2H in methanol 1n the absence and,
presence of oxygen.
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FIG. 6 (a) Histogram showing cytototoxicity of the imves-
tigated porphyrin dervative of general formula 1, wherein,
R,, Ry, R;=OH; R,, R,=H; M=2H 1n oral cancer cells (SCC
131). Figure showing the cellular proliferation of human oral
cancer cells (SCC131) after 48 h treatment with various con-
centration of the investigated porphyrin derivatives of the
general formulae 1 with and with out 1rradiation using visible
light from sodium vapor lamp (50 J/cm? 590 nm). (b) Plot of
% growth imhibition of oral cancer cells (SCC 131) at various
concentrations of porphyrin derivative of general formula 1,
wherein, R, R, R.=OH; R, R,=H; M=2H. Data give the %
growth inhibition after 48 h treatment with various concen-
tration of porphyrin dervative of general formula 1, wherein,
R,, R;, R.=OH; R,, R,=H; M=2H with visible light from
sodium vapor lamp (50 J/cm”® 590 nm).

FIG. 7 (a) Histogram showing cytototoxicity of the mves-
tigated porphyrin dervative of general formula 1, wherein,
R,, R;, R;=OH; R,, R,=H; M=2H in mammalian breast
cancer cells (MDAMB). Figure showing the cellular prolii-
eration ol mammalian breast cancer cells (MDAMB) after 48
h treatment with porphyrin dervatives of the general formula

1 with and with out irradiation using visible light from sodium
vapor lamp (50 J/cm?® 590 nm). (b) Plot of % growth inhibition
of mammalian breast cancer cells (MDAMB) at various con-
centrations ol porphyrin derivative of general formula 1,
wherein, R, R;, R.=0H; R,, R, H; M=2H. Data give the %
growth 1nhibition after 48 h treatment with various concen-
tration ol porphyrin dervative of general formula 1, wherein,
R,, R;, R;=0OH; R,, R,=H; M=2H with visible light from
sodium vapor lamp (50 J/cm® 590 nm).

FIG. 8 Histogram showing the mechanism of cell death 1n
oral cancer cells (SCC 131) with porphyrin derivative of
general formula 1, wheremn, R, R;, R.=OH; R,, R ,=H;
M=21-1 by FACS analysis 1. Apoptotic population (P3)
shows a right shift in the FACS histogram plotted against cell
count vs. FITC staining

FIG. 9 Fluorescence microscopic images of the mamma-
lian breast cancer cells ((MDAMB 231) after incubation with
the mvestigated porphyrin derivative of the general formula 1
wherein, R, R;, R.=0H; R,,R,_H; M=2H showing intake of
porphyrin derivatives of the general formula 1 wherein, R,
R;, R-=0OH; R,, R,=H; M=2H by the cancer cells within a
short time period, here with 1n one hour. The merged picture
coniirms presence ol drug inside the cells.

FIG. 10 Fluorescence microscopic images of the oral can-
cer cells (SCC 131) with porphyrin derivative of the general
formula 1 wherein, R,, R;, R.=0OH; R,, R,=H; M=2H at
different time intervals of 5 min. showing intake of porphyrin
derivatives of the general formula 1 wherein, R, R, R.=0OH;
R,, R,=H; M=2H by the cancer cells within a short time
period, here with 1 10 min.

FIG. 11 Nuclear staining of the mammalian breast cancer
(MDAMB231) cells (a) after incubation with the investigated
porphyrin derivatives of the general formulae 1 wherein, R,
R;, R.=OH; R,, R,=H; M=2H, (b) after incubation with
Hoechst (a commercially available nuclear dye) and (c)
shows the merged 1image of a and b.

SUMMARY OF THE INVENTION

Accordingly, the present invention relates to porphyrin
derivatives useful as PDT agents and near inirared (NIR)
fluorescence probes 1in photodynamic therapeutic, diagnostic,
and biological, biochemical and industrial applications.

In one embodiment of the invention, Porphyrin derivatives
of the general formulae 1,
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Formula 1
R3
R, l R4
R Rs
Ry Rs R Ry
R, R Rs R4
R I R,
R4 R
R3
Wherein, R, R,, R.=OH; R,, R,=H; M=2H
Wherein, R, Ry, R.=0OH; R,, R,=H; M=Z/n, Co, Cu, Fe, Au
Wherein, R, R;, R-=0OH; R, R.; I; M=2H
Wherein, R, R;, R.=OH; R,,, R,=I; M=Z/n, Co, Cu, Fe, Au
Wheremn, R,, R,, R,, R.=H; R,=(OCH,CH,), OH (where
n=3-7); M=2H

Wherein, R,, R,, R,, R-=H; R,_(OCH,CH,) OH (where
n=3-7); M=/n, Co, Cu, Fe, Au.

In another embodiment of the present invention, a process
for the preparation of porphyrin derivatives of general formu-
lae 1, wherein the said process comprises:

a. mixing 2,4,6-trimethoxy or 4-(triethylene glycol) sub-
stituted benzaldehyde with pyrrole 1n the ratio 1:25
mmol followed by stirring under inert atmosphere and
light protection for a period ranging between 15-20 min
at temperature ranging between 25-30° C.;

b. adding trifluoroacetic acid drop by drop 1nto the reaction
mixture as obtained 1n step (a) followed by restirring for
a period ranging between 20-30 min;

c. quenching the mixture as obtained 1n step (b) by adding
a solvent;

d. neutralizing the excess trifluoroacetic acid from the reac-
tion mixture as obtained 1n step (¢) by sodium hydroxide
solution;

¢. separating the organic layer from the reaction mixture as
obtained 1n step (d) followed by washing with water and
drying over anhydrous sodium sulphate to get anhy-
drous organic layer;

f. concentrating organic layer as obtained in step (e) under
reduced pressure to get viscous material;

g. chromatographing the viscous material as obtained in
step (1) over silica gel with mixture of ethyl acetate and
hexane (2:8)to obtain 2,4,6-trimethoxy or 4-(triethylene
glycol) substituted phenyldipyrromethane;

h. dissolving 2.,4,6-trimethoxy or 4-(triethylene glycol)
substituted phenyldipyrromethane as obtained 1n step
(g) with 2,4,6-trimethoxy or 4-(triethylene glycol) sub-
stituted benzaldehyde 1n a solvent;

1. adding trifluoroacetic acid slowly into the mixture as
obtained 1n step (h) followed by stirring at temperature
ranging between 25-30° C.;
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1. adding 2,3-dichloro-3,6-dicyanobenzoquinone (DDQ)
into the mixture as obtained in step (1) followed by
stirring at temperature ranging between 25-30° C. for a
period ranging between 1-3 h;

k. pouring the reaction mixture as obtained 1n step (3) onto
a pad of alumina and eluted with solvent followed by
removing the solvent under pressure to obtain a black
solid;

1. chromatographing the black solid as obtained 1n step (k)
over silica gel with methylene chloride to obtain porphy-
rin derivative.

In yvet another embodiment of the invention, solvent used in
steps (¢), (h) and (k) are selected from the group consisting of
methylene chloride and chloroform.

In yet another embodiment of the present, Porphyrin
derivatives are useful in the near-infrared tluorescence sen-
sors for photodynamic, diagnostic, biological and industrial
applications.

In yet another embodiment of the present invention, Por-
phyrin derivatives are useful as NIR fluorescence probes in
photodynamic applications for the detection of cancer and
other diseases 1n human beings or animals.

In another embodiment of the present invention, Porphyrin
derivatives are uselul as near-infrared fluorescence probes for
biological applications such as protein labeling, nuclear
staining under visible light radiation.

In yet another embodiment of the present invention, Por-
phyrin derivatives are useful as NIR fluorescent labels in
immunoassays under visible light radiation.

In yet another embodiment of the present invention, Por-
phyrin derivatives are useful under harmless radiations.

DETAILED DESCRIPTION OF THE INVENTION

In the present mvention, porphyrin derivatives of the gen-
cral formulae 1 have been synthesized. Modification using
glycol moieties 1s expected to render amphiphilicity to these
dyes and hence increase the cell permeability and to bring
about target specificity Examples 1-4 represent typical syn-
thesis of compounds of the general formulae 1 and examples
5-7 represent the 1n vitro evaluation of the porphyrin deriva-
tive of general formula 1, wherein R'=R2=R.=OH, M=2H
for photodynamic therapy using mammalian cancer cells.

The following examples are given by way of illustration
and therefore should not be construed to limit the scope of
present investigation.

EXAMPLE 1

Preparation of the porphyrin dertvative of general formula
1, wherein R,=R,=R.=0H, R,=R_,=H or T, M=2H. 2.4,6-
trimethoxybenzaldehyde (5.1 mmol) was added to distilled
pyrrole (127 mmol) and stirred under argon atmosphere and
light protection to for 15 min. Trifluoroacetic acid (0.5 mmol)
was added drop by drop to the reaction mixture and again
stirred for 20 min). The reaction was quenched by adding
methylene chloride (25 mL) and excess trifluoroacetic acid
was neutralized with sodium hydroxide solution. Separated
the organic layer and washed 1t with distilled water, dried over
anhydrous sodium sulphate and concentrated under reduced
pressure. The viscous material obtained was chromato-
graphed over silica gel. Elution of the column with a mixture
of ethyl acetate and hexane (2: 8) gave 75% of 2,4,6-tri-
methoxyphenyldipyrromethane. nip 120-122° C.; lH NMR
(500 MHz, CDCl,, 30° C., TMS); 6=3.72 (s, 6H, —OCHS)
3.79 (s, 3 H,—OCH,), 3. 55(5 1H, —CH), 5.88-3.89 (d, 2H,
J=8.00 Hz, Ar-pyrrole-H), 6.07-6.09 (d, 214, J=8.5 Hz, Ar-
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Pyrrole-H), 6.11-6.6.23 (d, 2H, J=8.5 Hz, Ar-pyrrole-H),
6.61-6.62 (d, 214, J=7.0 Hz, Ar—H), 8.46 (s, 2H, Pyrrole-

NH); °C NMR (125 MHz, CDCl,, 30° C., TMS): 8=30.95,
32, 32, 37.32, 55.37, 56.40, 92.47, 105. 70 106.73, 107.72,
108 54 112.22, 116.05, 117.32, 131.13, 133.38, 158.88,
160.08; IR (Neat): v_ _ _3375,1593,1463,1413,1313,1219,
945 c¢cm™': FAB-MS: m/z=312.56 (calcd 312.36 for
C,5H50N,05).

2,4,6-Trimethoxyphenyldipyrromethane (3.2 mmol) and
2.4,6-tnmethoxybenzaldehyde (3.2 mmol) were dissolved 1n
dry methylene chloride (500 mL) in a 1 L round-bottomed
flask, and trifluoroacetic acid (1.3 mmol) was added slowly
over 15 min, The reaction mixture was allowed to stir under
argon atmosphere for 2 h at 30° C. After 2 h, 2,3-dichloro-3,
6-dicyanobenzoquinone (DDQ) (4.8 mmol) was added, and
the reaction mixture was stirred at 30° C. for 2 h. The com-
plete reaction mixture was poured onto a pad of alumina (50
mm maximum diameterx150 mm length) and eluted with
methylene chloride (it). The solvent was removed under
reduced pressure to give a black solid, which was chromato-
graphed over silica gel. Elution of the column with methylene
chlonide gave 25% of 3, 10, 13, 20-(2.4,6-tnmethoxyphenyl)
porphyrin. mp>300° C.; '"HNMR (500 MHz, CD,Cl,,30°C.,
TMS): 03.48(s,24H,—OCH,),4.20 (s, 12H,—0OCH,), 6.52
(s, 8H, —Ar—H), 8.64 (s, 8H, Ar—H, pyrrole); IR (Neat):
v 2949, 2794, 1660, 1600, 1573, 1556, 1462, 1411, 1334
cm™'; elemental analysis calcd (%) for C,.H.,N,O,: C,
68.98; H, 5.58: N, 5.75; found: C, 67.44; H, 5.88; N, 5.23;
MALDI-TOF-MS: m/z=975.22 (caled 974.37 {or
C56H54N4012)‘

Boron tribromide (7.4 mmol) was added to dry distilled
methylene chloride (10 mL) and the mixture was cooled to
—-78° C. The apparatus was fitted with a calcium chloride
drying tube. 5, 10, 15, 20-(2,4,6-trimethoxyphenyl)porphyrin
(0.3 mind) was dissolved 1n minimum volume of dry meth-
ylene chloride (10 ml), placed 1n a dropping funnel and slowly
added over a period of 20 min. The mixture was stirred for 2
h at —=78° C. and then for 12 h at 25° C. After cooling to 0° C.
with an i1ce bath, excess of methanol was added to solvolyse
any excess ol Boron tribromide and to breakdown the por-
phyrin-boron tribromide complex. Triethylamine was added
to neutralize the reaction mixture and concentrated under
reduced pressure to give an amorphous purple solid, which
was recrystallized from a mixture of methanol and chloro-
form to give 70% of the porphyrin dervative of the general
formula 1, wherein, R,=R,=R.=OH, M=2H, mp>300°C.; 'H
NMR (500 MHz, DMSO-d,, 30° C., TMS): 0=6.268 (s, 8H,
Ar—H), 8.746 (s, 8H, —Ar—H, pyrrole), 9.016 (d, 81-1,
—Ar—O0H), 9.388 (s, 4H, —Ar—OH); ""CNMR (125 MHz,
CD;0D, 30° C., TMS): 0=93.94, 94.18, 98.60, 103.92,
,08 58, 113.22, 115 23, 131.05, 132.19, 132.84, 139.135,
146.76, 158.63, 159.06; IR (Neat) v 3280, 2948, 1614,
1584,1469, 1348, 1047 cm‘l MALDI-TOF-MS: m/z 808.97
(calcd 806.72 for C,,H,,N, Olz)

EXAMPLE 2

Preparation of the porphyrin derivative of general formula
1, wherein R, =R,=R.=OH, R,=R_=Hor 1, M=Z7n. A solution
of the porphyrin derivative of the general formula 1, wherein,
R,=R,=R.=OH, M =2H(0.62 mmol) 1n a mixture of 25 mL of
methnol and chloroform (1:2) was refluxed with Zinc acetate
(3.1 mmol) for 6 h. The solvent was distilled oif under
reduced pressure and the residue obtained was washed with
several portions of distilled water to remove the excess Zinc
acetate. The crude matenial obtained was recrystallized from
a mixture of methanol and chloroform to get 85% of the
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porphyrin derivative of the general formula 1, wherein,
R,=R,=R.=OH, M=Zn, mp>300° C.; NMR (500 MHz,
DMSO-d,,30°C., TMS): 6=6.24 (s, 8H, Ar—H), 8.69 (s, 8H,
—OH), 8.74 (s, 8H, Ar-pyrrole-H), 9.26 (s, 4H, —OH); '°C
NMR (125 MHz, CD,0D, 30° C., TMS): 0=9394, 94.18,
08.60, 103.92, 108.58, 113.22, 115.23, 131.05, 132.19,
132.84, 139.15, 146.76, 158.63, 159.06; IR (Neat): v,
3281, 1614, 1469, 1151, 1047 cm™'; MALDI-TOF-MS:
m/z=863.76 (calcd 65.85 for C,H,.N,O,,7Zn).

EXAMPLE 3

Preparation of the porphyrin dertvative of general formula
1, wherein R'=R2=R.,=R.=H, R,=PC, ,CH,),OH, M=2H.
4-(triethylene glycol) benzaldehyde (3.9 mmol) was added to
distilled pyrrole (98.3 mmol) and stirred under argon atmo-
sphere and light protection for 15 min. Trifluoroacetic acid
(0.39 mmol) was added drop by drop to the reaction mixture

and again stirred for 20 min. The reaction was quenched by
adding methylene chloride (20mL) and excess trifluoroacetic
acid was neutralized with sodium hydroxide solution. Sepa-
rated the organic layer and washed i1t with distilled water,
dried over anhydrous sodium sulphate and concentrated
under reduced pressure. The viscous material obtained was
chromatographed over silica gel. Elution of the column with
a mixture of ethyl acetate and hexane (1:1) gave 80% of
4-(triethyleneglycol)phenyldipyrromethane. mp 100-102°
C.; '"HNMR (300 MHz, CDCl,,30° C., TMS): 8=3.47 (t, 2H,
—CH,), 3.66 (t, 2H, —OCH,), 4.07 (m, 6H, —OCH.,), 4.20
(t, 2H, —OCH,), 5.45 (s, 1H, —CH), 5.89 (d, 2H, 8.00 Hz,
Ar-pyrrole-H), 6.09 (d, 2H, J=8.5 Hz, Ar—Pyrrole-H), 6.6.23
(d, 21-1, J=8.5 Hz, Ar-pyrrole-H), 7.02 (d, 2H, J=8.6 Hz,
Ar—H), 7.81 (d, 21-1, J=8.6 Hz, Ar—H), 8.51 (s, 2H, Pyr-
role-NH); '°C NMR (125 MHz, CDCl,, 30° C., TMS):
0=43.7, 61.3, 69.3, 70.0, 70.2, 107.3, 108.3, 114.0, 118.3,
129.0,130.1, 155.9; IR (Neat): v, __3442,3415, 2877, 1600,
1584, 1257, 651 cm™'; FAB-MS: m/z=370.36 (calcd 370.44
tor C,,H,N,O,).

4-(Tnethyleneglycol)phenyldipyrromethane (2.7 mmol)
and 4-(triethylene glycol )benzaldehyde (2.7 mmol) were dis-
solved 1in dry methylene chloride (450 ml) 1n a 1 L round-
bottomed flask, and then trifluoroacetic acid (1.1 mmol) was
added slowly over 60 seconds. The reaction mixture was
stirred at 30° C. After 1 h, 2,3-dichloro-5,6-dicyanobenzo-
quinone (DDC) (4 mmol) was added, and the reaction mix-
ture was stirred at 30° C. for further 1 h. The complete reac-
tion mixture was poured onto a pad of alumina (50 mm
maximum diameterx150 mm length) and eluted with meth-
ylene chloride (1 L), followed by a mixture of methanol and
chloroform (1:1). The solvent was removed under reduced
pressure to give a black solid, which was chromatographed
over silica gel. Elution of the column with a mixture of metha-
nol and chloroform (1:19) gave 28% of 5, 10, 15, 20-(4-
(triethyleneglycol) phenyl )porphyrin. mp>300° C.; lH NMR
(300 MHz, CDCl,, 30° C., TMS): 0=-2.76 (s, 2H Pyrrole-
NH), 3.71-3.90 (m, 24H, —CHz) 4.08 (t, 8H, —C, _,,), 4.32
(t, 81-1, —CH,), 4.45 (t, 8H, —OCH,), 7.31 (d, 8H, 8.5,
—AIH),, 8.12 (d, 8H, J=8.4, —ArH); C NMR (125 MHZ,,
CDCl;, 30° C., TMS): 0=61.84, 67.67,70.32,70.46, 112.86,
114.97, 119.70, 126.23, 126.85, 131.42, 13492, 135.56,
158.53; IR (Neat): v_ 3311, 2875,1604, 1506, 1350, 1246,
966 cm™'; MALDI-TOF-MS: m/z=1207.7 (calcd 1207 .36 for
CosH7sNLO16).

EXAMPLE 4

Preparation of the porphyrin dertvative of general formula
1, wherein R'=R2=R_=R.=H, R,=(OCH,CH,),OH, M=Zn.



US 9,040,687 B2

11

A solution of the porphyrin derivative of the general formula
1 (0.41 mmol) 1n dry chloroform (20 mL) was refluxed with
Zinc acetate (2.1 mmol) for 5 h. The solvent was distilled off
under reduced pressure and the residue obtained was washed
with several portions of distilled water to remove the excess
Zinc acetate. The crude material obtained was recrystallized
from a mixture of methanol and chloroform to get 92% of the

porphyrin  of the general {formula 1, wherein,
R'=R2=R,=R.=H, R,=(OCH,CH,),OH, M=Zn, mp>300°

C.;'H NMR (300 MHZ CDCl,,30° C., TMS): 3.71-3.90 (m,
241 1, —CH,), 4.08 (t, 432 (t, 8H, —CH,), 4.45 (t, 8H,
—OCH) 7.28-7.31 (d, 8H, J=8.5, —ArH), 8.12 (d, 8H,
J=8.4, —ArH); '"°C NMR (125 MHz, CDCl,, 30° C., TMS):
6261.845 67.67, 70.32, 70.46, 112.86, 114.97, 119.70,
126.23, 126.85, 131.42, 134.92, 135.56, 158.53; IR (Neat):
v 3416, 2875, 1604, 1506, 1350, 1246, 681 cm™';
MALDI-TOF-MS: m/z=1266.33 (caled 126548 f{or
CosH76NLO,,7n).

EXAMPLE 5

Determination of Cytotoxicity by Measuring Cellular Prolit-
eration.

3, (4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT) assay 1s a standard colorimetric assay for
measuring cellular proliferation (cell growth). It was used to
determine cytotoxicity of the porphyrin derivatives of the
general formulae 1. Human cervical oral cancer cells (SCCl;,
cells) (5x10° cells well™) were added to wells of two 96 well
microtiter plate. One for dark cytotoxicity and another for
light cytotoxicity with 150 ul. DMEM (Dulbecco’s Modified
Eagle Medium) with 10% serum and incubated for 24 h. Then
added 3.125 to 25 uM of porphyrin derivatives of the general
formulae 1 1n serial dilution (stock 100 mM diluted using
DPBS (Dulbecco’s Phosphate Bulilered Saline) for test,
0.025% DMSO (dimethyl sulphoxide) for control and 1ncu-
bated for 3 h and 1rradiated 1n one plate using sodium vapor
lamp (70 w for 15 min) while the other plate was kept in dark.
After photoirradiation, DPBS was aspirated and 150 uL
DMEM with 10% serum was added to each well and 1ncu-
bated 1s for 48 h. After 48 h of incubation, removed the plates
from the incubator and added 10 L of MIT (5 mg/ml stock)
to each well of the plate. After 4 h, carefully removed the
supernatant taking care that the formazan crystals formed are
not being removed and added 100 []L of 1sopropyl alcohol to
cach well. Covered the plates with aluminium foil and kept on
a shaker until the crystals are dissolved. Read the absorbance

at 570 nm.

Percentage growth inhibition was calculated as %
Growth inhibition=(control-test)/control)x 100

FIG. 6.A showing cell proliferation after 48 hrs on various

treatment concentration ol porphyrin derivative of the general
formulae 1 (3.125, 6.25, 12.5 & 25 uM) 1n oral cancer cells

(SCC 131) with and without 1rradiation with 70 W sodium
vapor lamp (590 nm). From the bar diagram 1t 1s evident that
in the absence of irradiation there 1s no significant growth
inhibition.

FIG. 6.B showing % growth inhibition after 48 hrs on
various treatment concentration of porphyrin derivative of the
general formulae 1 (3.125,6.25,12.5 & 25 uM) 1n oral cancer
cells (SCC 131). From this porphyrin dertvative of the general
formulae 1 showed an IC, value of 4 uM

FI1G. 7.A showing cell proliferation after 48 hrs on various
treatment concentration of porphyrins of the general formu-
lac1 (3.125,6.25,12.5 & 25 uM) in Breast cancer cells (MDA
MB 231) w1th and without 1rradiation with 70 w sodium
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vapor lamp (590 nm). From the bar diagram 1t 1s evident that
in the absence of 1rradiation there 1s no sigmificant growth
inhibition.

FIG. 7.B showing % growth inhibition after 48 hrs on
various treatment concentration of porphyrins of the general

formulae 1 (3.125,6.25, 12.5 & 25 uM) 1n Breast cancer cells
(MDA MB 231). From this graph, porphyrin derivative of the
general formulae 1 showed an I1C., value of 7 uM.
Comparative 1n vitro cytotoxicity study of porphyrin deriva-
tive of general formula 1, wherein R ;=R ;=R.=0OH, M=2H Vs
Foscan as Standard Photosensitizer:

In order to understand the efficiency of the newly devel-
oped porphyrin derivatives as sensitizers 1n photodynamic
therapeutic action, we have compared the cytotoxicity por-
phyrin denvative of general formula 1, wherein
R,=R,=R.=OH, M=2H with the commercial photosensitizer
(Foscan). The cytotoxicity exhibited by these molecules has
been examined through the well MTT assay, both i the
presence and absence of light. The photosensitizing effi-
ciency of these molecules has been evaluated by comparing
the IC., values 1n both dark and light, and these results have
been summarized 1n Table 1 as given below. From the 1C.,
values obtained, it 1s clear that these molecules showed better
cytotoxicity in the light when compared to the Foscan, which
1s now 1n commercial use.

IC<, Value
Porphyrin derivative of
S.No Cell Line general formula 1 FOSCAN
1 HCT 116 6.5 9
2 MCEF 7 9 13
3 HaCaT 8 8
4 MDA MB 231 6.5 13.5
5 SCC 131 8.5 16
6 SCC 172 8 12.5
7 Mia PaCa 10 11
8 SiHa 25 22.5
9 HelLa 18 22

EXAMPLE 6

Determination of Implode Assay by Cytometry.
Annexin V-conjugated to fluorochome such as FITC was
used for the easy, flow cytometric identification of cells 1n the

carly stages of apoptosis. Three 60 mm plate were taken and
SCC 131(2x10° cells per plate) were seeded with 2 mL
DMEM medium and incubated for 24 h. One plate for Light
control (without Drug) and one plate was taken as dark (with
drug without light) control and remaining one for test
(Drugzlight). Then porphyrin derivatives of the general for-
mulae 1 at a concentration of 25 uM (stock 100 mM. diluted
using DPBS) was added to two plates and for third added
0.025% DMSO and incubated for 3 h and later photoirradi-
ated two plates (Light control & Test) using sodium vapor
lamp (70 w, 390 nm) for 15 min. After photoirradiation,
DPBS was aspirated and 150 ul DMEM with 10% serum was
added to each 35 mm plates and incubated for 48 h. After 48
h the cells were trypsinized and centrifuged and the pellet
washed using 1xPBS and 200 pul of binding buifer was added
to pellet. Filtered to flow cytometric tubes. 3 ul. Annexin
V-FITC was added and vortexed and incubated for 15 min in
dark. Diluted the cell suspension using 200 uL. binding builer.
This suspension was subjected to FACS analysis.

FIG. 8 Showing histogram of Annexin V FITC fluores-

cence (Logarithmic) versus cell count (linear), here P2 rep-
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resent the basal fluorescence given to the cells that do not take
up the dye (healthy normal cells). P3 represents the cells that
have fluoresced on binding with Annexin V FITC (Apoptotic
cells). In the MDA MB 231-Control cells (light & dark) most
of the cells were observed 1n P2 population showing normal
cells without apoptosis. After PD'T with porphyrins of the
general formulae 1 a peak shift was observed form P2 to P3
population, indicating Apoptosis.

EXAMPLE 7

Drug Intake Study Using Fluorescence Microscopy.

Seeded mammalian breast cancer cells, MDAMB 231
(2x10° cells per plate) with 2 ml DMEM medium and incu-
bated for 24 h. Then added 1 mM of the investigated porphy-
rin dermvatives of the general formulae 1 (stock 100 mM.
diluted using DPBS) and incubated for 1 h. The progress of
intake of the drug by the cells was then observed though a
fluorescent microscope using green filter with time interval of
S min.

FIG. 9. A showing phase contrast image of MDA MB 231
cells. 4 B showing fluorescent image of MDA MB 231 cells

stained with porphyrin dervative of the general formulae 1. 9.

C showing periect merging of image A & B indicating drug
intake nto cell.

FI1G. 10 showing fluorescent images taken at a time interval
of 5 minutes with porphyrin derivative of the general formu-
lae 1. From this picture 1t 1s evident that up take of porphyrin
derivative of the general formulae 1 1s occurring within 10
minutes of drug addition 1n the cell. This suggests the quick
intake of the said porphyrin derivative of general formula 1
into cell which predicts the potency of the drug.

EXAMPLE 8

Drug Localization Study (Nuclear Staining).
Seeded mammalian breast cancer cells, MDAMB 231

(2x10° cells per plate) with 2 mI. DMEM medium and incu-
bated for 24 h. 1 mM of the investigated porphyrin derivatives
of the general formulae 1 (stock 100 mM, diluted using
DPBS) was then added to the above cells and incubated
turther for 1 h. The Hoechst dye was then added as the
reference and the localization was observed though a fluores-
cent microscope using UV as well as green filters.

FIG. 11 A showing fluorescent image obtained by staining,
of MDA MB 231 cells with porphyrins dertvative of general
formulae 1. FIG. 11B showing fluorescent image obtained by
staining of MDA MB 231 cells with standard nuclear stain
Hoechst. FIG. 11C showing perfect merging which con-
firmed the nuclear localization property of porphyrin deriva-
tive of general formula 1.

Advantages

The porphyrin dyes used for the present invention possess
satisfactory properties of a NIR PDT agent and can be used as
fluorescent probe 1n photodynamic therapeutic and diagnos-
tic, biological, biochemical and industrial applications. The
main advantages of these systems include:

1. Porphyrin derivatives represented by formula 1 are novel

and pure single substances.

2. Their synthetic methodology 1s very economical.

3. Porphyrin derivatives represented by formula 1 possess

absorption in the visible to near-infrared region (400-
700 nm).
4. Porphyrin dertvatives represented by formula 1 possess

fluorescence emission in the near-inirared region (620-
740 nm).
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5. Porphyrin dervatives represented by formula 1 possess
emission quantum yields in the range 0.1-0.2 1n aqueous
media.

6. Porphyrin derivatives represented by formula 1 possess
triplet quantum yields 1n the range 0.5-0.7 in aqueous
media.

7. Porphyrin derivatives represented by formula 1 show

better cytotoxicity than the existing clinical photosensi-
tizer FOSCAN.

8. They can be used for photodynamic applications such as
sterilization of fluids etc.

9. Porphyrin based dyes can be used as NIR fluorescent
probes for protein labeling.

10. Porphyrin based dyes can be used as NIR fluorescent
probes for nuclear staining.

11. Porphyrin derivatives of the general formula 1 can be
used as NIR fluorescent labels 1n immunoassays.

12. They can be used for the detection of biologically
important metal 1ons under physiological conditions.
13. These novel dyes can be used as near-infrared fluores-

cence sensors 1n biological and industrial applications.
We claim:
1. Porphyrin derivatives of the general formula 1,

Formula 1

Rj3

R4
R

R2 ‘
Rj 5
Rs . R
R4 R
R3
herein, R, R, R;=OH; R,, R,=H; M=2H;
herein, R, R;, R-=0OH; R,, R,=H; M=/n,Co, Cu, Fe,
Au;
herein, R, R;, R:=0OH; R, R=I; M=2H;
herein, R, R,, R.=OH; R,, R,=I; M=/n,Co, Cu, Fe, Au;
herein, R, R,, R,, R.=H; R,;=(OCH,CH, ), OH (where
n=3-7); M=2H;
wherein, R, R,, R, R.=H; R,;=(OCH,CH,) OH (where
n=3-7); M=7n,Co, Cu, Fe, Au.
2. The porphyrin derivative of claim 1, wherein R, R,
R.=0OH; R,, R,=H; M=2H.
3. The porphyrin derivative of claim 1, wherein R, R,
R.=OH; R,, R,=H; M-Zn.
4. The porphyrin derivative of claim 1, wherem R, R, R,
R.=H; R,=(OCH,CH,), OH (where n=3); M=2H.

5. The porphyrin dervative of claim 1, wheremn R, R, R,
R.=H; R,=(OCH,CH,), OH (where n=3); M=/n.
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